Dye-sensitized solar cells (DSSCs) have been extensively studied due to their promising potential for high efficiency, low production cost and eco-friendly production. The photoanode of DSSCs is traditionally composed of randomly packed TiO 2 nanoparticles which have large specific surface area and suitable band gap (3.2 eV) for the effective injection of electrons from the dye molecules to the semiconductor. However, its high surface charge recombination rate accounts for its low efficiency. Alternatively, silica which is chemically inert, thermally stable, high surface area, and inexpensive can be used to substitute TiO 2 as photoanode material. However, bulk silica has a wide band gap of 8.9 eV and its band gap need to be narrowed in order to use it as photoanode materials. Thus, in this study, the effect of nanosilica photoanode and its particle size on the performance of dye sensitized solar cell are investigated and characterized. The result is then compared with the fumed silica and conventional TiO 2 DSSCs. Although the results shows that photon-electron conversion is inferior compared to TiO 2 photoanode, it has a great potential as the fabrication cost is low and more environmental friendly.
Introduction
In the era with rapidly depleting energy resources, renewable and abundant energy such as solar energy has attracted great attentions [1] [2] [3] . Dye sensitized solar cells as shown in figure 1 have been extensively studied due to their promising potential for high efficiency, low production cost and eco-friendly production [4, 5] . To date, a conversion efficiency up to 12% has been reported by adopting a photoanode that consists of a TiO 2 nanoparticles film covered by a monolayer of dye molecules [6, 7] .
Figure 1: Schematic diagram of Dye Sensitized Solar Cell
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Online: 2014-09-12 ISSN: 1662 -7482, Vol. 625, pp 110-113 doi:10.4028/www.scientific.net/AMM.625.110 © 2014 In most conventional DSSCs, the photoanode is coated with the wide band gap semiconductor layer of high surface area anatase TiO 2 nanoparticles about 20 nm in size as photoanode material [8, 9] . However, the conversion efficiency of TiO 2 nanoparticles-based DSSCs has reached the limitation due to the slow transportation of electrons through the randomly arranged nanoparticles as well as the energy losses caused by the recombination [10, 11] .
Alternatively, silica which is chemically inert, thermally stable, high surface area, and inexpensive can be used to substitute TiO 2 as photoanode material. However, bulk silica has a wide band gap of 8.9 eV which will definitely has a higher conduction band edge than the excited state energy level of dye causing the low electron injection from dye molecules. Thus, narrowing band gap is needed in order to use it as photoanode materials which may be acheived by using nanosilica [11] [12] [13] rather than bulk silica. Thus, in this study, the effect of nanosilica photoanode and its particle size on the performance in dye sensitized solar cell are investigated and characterized. The result is then compared with the fumed silica (bulk silica ) and conventional TiO 2 DSSCs.
Experimental
Standard Procedure
Nanosilica was prepared according to the procedures reported in [12] . Briefly, the solution of tetraethylorthosilicate Si(OC 2 H 5 ) 4 (TEOS) was dissolved in ethanol and sonicated for 10 min. Distilled water and ammonia solution was added to the mixture. The resultant solution was sonicated for 3 h and kept for 1 hour aging. The gel was centrifuged and washed with ethanol and water. Drying was carried out by oven dried overnight and further calcined at 600 o C [12] . Synthesized nanosilica with desired size was make into paste by blending with nitric acid (HNO 3 ) solution (0.1M) and nonionic surfactant, Triton X-100. The prepared paste is then deposited on the fluorine-doped tin oxide (FTO) glass. The slide is sintered in an oven at 220 o C for 30min before immersed into the dragon fruit dye for 24 hr. The fumed silica and TiO 2 film was prepared according to the same procedure. A few drops of electrolyte solution (potassium iodide (KI), iodine (I 2 ) and propylene carbonate (PC)) was injected onto the surface of photoanode film. The two electrodes are then clipped together to form the sandwich type cells.
Characterization and Measurement
The particle size of the nanosilica and the nanosilica films is observed by using Transmission Electron Microscopy (TEM). The photocurrent-voltage characteristics are measured using multimeter by varying the potentiometer load under sunlight irradiation.
Results and Discussions
Nanosilica has been synthesized by sol gel process which include the hydrolysis and condensation process of TEOS with water under basic condition. In this study, concentration of ammonia was varied to control the particle size. Figure 2 shows the TEM image of nanosilica synthesized with ammonia concentration of 1.46 mol/L, 1.87 mol/L, and 2.08 mol/L. The particle size of the synthesized nanosilica was estimated from the TEM image as shown in table 1. From the result shown in table 1, the particle size was increase with the increase of ammonia concentration. Ammonia serve as the basic catalyst for hydrolysis and condensation process to occur. The number of silanol groups at the surface of the nanoparticle increases with the increases of ammonia concentration. The silanol groups will tends to aggregate with smaller particles to form larger nanoparticles [12] .
In this studies, sample (b) has been used in the fabrication of photoanode in DSSCs. The efficiency of fabricated DSSCs, ɳ was calculated according to the equation, ɳ = (I SC x V OC x FF)/I o where I SC is the short circuit current, V OC is the open circuit voltage, FF is the fill factor and I o is the intensity of the cell. Table 2 shows the result of DSSCs fabricated with fumed silica, synthesized nanosilica and titanium dioxide photoanode material. The I-V curve of the respective cell was plotted in figure 3. 
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The conversion efficiency of DSSCs with silica however shows a poor performance compare to conventional TiO 2 DSSCs. The current generated from both the synthesized nanosilica and fumed silica is very small, we can deduced that there is still very small amount of electron injected to the conduction band of silica. Aggregation in nanosilica causing the decrease of surface area for the dye to attach which decrease the current generated. The band gap of synthesized nanosilica is to be determine in this study. Further studies will be done on the modification of nanosilica with less aggregation as well as the band gap study to improve the performance of nanosilica DSSCs.
Conclusions
Dye Sensitized Solar Cells has been fabricated with fumed silica, synthesized nanosilica and titanium dioxide photoanode materials. Although the conversion efficiency from nanosilica is much inferior compared to the conventional TiO 2 photoanode, it is much higher then fumed silica. This could an indication that the band gap has been lowered down which is the interest of future studies.
